ABSTRACT The effect of oral prednisolone on the lung function of 20 adult patients with cystic fibrosis who had severe stable airflow obstruction was assessed in a placebo controlled study, blind to the patients. Placebo tablets were followed by prednisolone given in a median dose of 0.48 mg/kg body weight/day (20 mg/day in 11 patients, 30 mg/day in nine patients), each for three weeks. No significant improvement was seen in lung function in the group after receiving prednisolone, and none of the individual patients had clinically useful improvements in lung function. Atopic subjects showed an improvement in evening recordings of peak expiratory flow rate (PEF) while taking prednisolone (p < 0.05). Significant deterioration in forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) was seen after withdrawal of prednisolone. Two patients developed pneumothoraces while taking prednisolone.
Patients with cystic fibrosis characteristically develop increasing airflow obstruction as their disease progresses. In other disease processes associated with airflow obstruction, such as asthma and chronic bronchitis, corticosteroids have been shown to be beneficial in varying proportions of patients. We have occasionally found that corticosteroids have improved pulmonary function in individual patients with cystic fibrosis when other treatment, such as intensive physiotherapy, antibiotics, and bronchodilator drugs, have failed. Lewiston et all gave large doses of prednisone (2 mg/kg body weight/day) to children with cystic fibrosis who had symptoms that they considered indicated hypersensitivity, such as fevers, arthritis, obstructive lung disease unresponsive to bronchodilator treatment, and allergic aspergillosis, and who had increased serum complement Clq binding activity. Prednisone was given during an acute illness, presumably with other treatment for their pulmonary disease, and a significant fall in Clq binding activity was seen in association with improvement in FVC. They concluded that there is a population of patients with cystic fibrosis who may benefit from vigorous antiinflammatory treatment. There are inherent difficulties in assessing changes in respiratory function in response to treatment in patients with cystic fibrosis because of the variation that occurs as the chronic pulmonary infection waxes and wanes. In our investigation therefore-to our knowledge the first controlled study of corticosteroids on lung function in patients with this diseasewe chose to study subjects with severe airflow obstruction who were clinically stable. Patients were told that they would receive prednisolone during the study, but otherwise they were unaware of the design. On entry to the study the patients were assessed in the clinic (visit A). They then received placebo tablets for three weeks in a once daily morning dose, at the end of which time they were reassessed (visit B). For the next three weeks the patients received prednisolone (Precortisyl, Roussel) 30 mg daily in the morning (20 mg daily if their body weight was less than 50 kg), having the same number of tablets a day as they had received during the placebo period. At the end of this time they were again reassessed (visit C) and the daily dose of prednisolone was tailed off by 5 mg every three days. The patients were finally reassessed at the end of this "follow up" period (visit D) seven weeks after they had started taking prednisolone. At each assessment a clinical examination was performed. PEF was measured on a Wright peak flow meter and FEV1 and FVC on a Vitalograph wedge spirometer. In each case the highest reading after three attempts was recorded. These measurements were repeated 10 minutes after the patients had received 200 ,g salbutamol from a metered dose pressurised inhaler. For each variable the highest reading, either before or after bronchodilator, was used in analysis. Patients were graded according to the Medical Research Council (MRC) scoring of breathlessness,' in which grade I represents breathlessness on strenuous exertion only and grade 5 represents being too breathless to leave the house or breathlessness after undressing. The distance they were able to walk along a level corridor in six minutes was measured. Body weight was recorded. A sputum sample was sent for culture for bacterial pathogens. Venepuncture was performed about two hours after the last meal for a blood eosinophil count and estimation of plasma glucose concentration.
Methods
Throughout the study the patients completed a daily diary card on which they recorded PEF, which they measured twice a day after physiotherapy in the morning and evening with a miniature Wright peak flow meter. They were instructed to test their urine for the presence of glucose twice a week after their evening meal, using Clinistix reagent strips (Ames), and to record the result. Daily sputum volume was recorded on the diary cards on a scale of 0 (none) to 5 (more than a teacupful/24 hours). Similarly, patients scored their sense of general wellbeing and sensation of breathlessness as 3-"better than usual"; 2-"the same as usual"; or I-"worse than usual." The scores from the diary cards used in analysis were the means of seven days' recordings after entry to the study and before each subsequent visit respectively.
During the study period the number of respiratory infections in each patient was assessed by the number of courses of antibiotics prescribed and any requirement for admission to hospital. There was no significant change in the amount of sputum produced by the patients during the study and no consistent changes in the organisms cultured from the sputum. Five patients required a course of oral antibiotics while taking placebo; these five also required a course during the prednisolone period, as did one additional patient. There were no hospital admissions for treatment of pulmonary infections during the placebo or prednisolone period. During the follow up period there was, however, a significant fall in FEV1 and FVC (table 2). This deterioration was noted clinically and four patients required admission for intensive treatment of their pulmonary condition, including intravenous antibiotics.
Two patients developed pneumothoraces while taking prednisolone; one of these required a pleurodesis and was withdrawn from the study. One patient developed mild fluid retention with a slight increase in jugular venous pressure and hepatomegaly. Three patients developed glycosuria, which resolved after they had discontinued prednisolone, but in only one patient was a two hour postprandial plasma glucose concentration greater than 10 mmol/l (180 mg/ 100ml)-namely 11.5 mmol/l (207 mg/100 ml).
Discussion
This study suggests that prednisolone given in standard doses for three weeks does not significantly improve airflow obstruction in patients with cystic fibrosis. This is surprising since there are several features of the disease suggesting that a response might be seen. The incidence of atopy is increased in patients with cystic fibrosis and several studies have shown positive skin reactions on prick testing in from 42% to 88% of patients.7 A large proportion of patients with positive skin reactions also have reactions to A fumigatus and a minority of these patients may have allergic bronchopulmonary aspergillosis associated with fleeting pulmonary shadows,8 although none of our patients was in this category. Bronchial reactivity was also found in one study to be increased in patients with cystic fibrosis,9 though in that study only 14% of older patients showed a rise in FEV1 of over 15% after an inhaled sympathomimetic. Generally the response to inhaled bronchodilators seems to be small and variable.
There are several possible reasons for our negative result. Our patients were chosen for their severe airflow obstruction and possibly the disease had progressed so far that this obstruction had become fixed. Conceivably therefore patients who had less severe pulmonary disease might have shown a greater response. Corticosteroids may also be useful in maximising lung function after an infective exacerbation, but less helpful in patients who are clinically stable. The order of the treatment periods was not randomised because of uncertainty over the duration of the carry over effect of prednisolone in cystic fibrosis. Introducing a "washout" interval between the two treatment periods would have made the study unacceptably long in view of the natural variability of the clinical state of patients with this disease. This variability was possibly reflected in our study by the small increase in breathlessness and fall in PEF in the clinic seen during the placebo period. Hence the study was open to the investigators but the result is negative, which is opposite to the most likely bias introduced by this factor. This bias may explain the trend towards higher pulmonary function after prednisolone.
It has been suggested that prednisolone and other immunosuppressive drugs may be of benefit in breaking the vicious circle of inflammation in the lungs of patients with bronchiectasis.iO A treatment period of three weeks as used in our study would not permit this hypothesis to be tested. Several patients attending our adult cystic fibrosis clinic have shown improvement in lung function when corticosteroid treatment was given for many months, and it remains possible that prednisolone may be effective when given for longer periods.
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The dosage regimen in this study produced a median daily dose of 0.48 mg/kg body weight (equivalent to 34 mg/day in a 70 kg man), with a range of 0.40-0.63 mg/kg/day. This regimen would seem to fit in well with accepted practice in the use of prednisolone in other diseases causing airflow obstruction. The pharmacokinetics of prednisolone have not, however, been studied in patients with cystic fibrosis. Preliminary data from our department suggest that absorption of prednisolone is not reduced but is delayed in this disease, with a consequent reduction in peak plasma concentration after an oral dose. Since there is no information on what result these changes may have on the clinical effect of prednisolone, it remains possible that larger doses than we used are necessary to reduce airflow obstruction in these patients.
The deterioration seen in many patients in this study after steroids had been discontinued is a matter for concern. Whereas there is no evidence that the patients were more susceptible to pulmonary infections while taking corticosteroid treatment, they did appear to have an increased frequency of exacerbations when the drug was withdrawn. The other feature causing concern was the development of pneumothoraces in two patients while they were taking prednisolone. Pneumothoraces have previously been associated with the use of prednisolone in the presence of Staphylococcal pneumonia. "' A recent survey, however, showed that they occurred in nearly 20% of older patients with cystic fibrosis,12 of whom 96% had an FEV, of less than 50% of the predicted value and were therefore comparable to patients selected for our study. Furthermore, no association has so far been found between the occurrence of pneumothorax and the use of corticosteroids in cystic fibrosis.
Despite this negative result corticosteroids may still have a part to play in treating the pulmonary disease in cystic fibrosis. Allergic bronchopulmonary aspergillosis is difficult to diagnose in this condition but in the small minority of adult patients who have all the features, including eosinophilia, positive skin reactions to aspergillus, and fleeting pulmonary shadows, 
